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ABSTRACT

Canaigre-root characteristics influencing the recovery of
tanning extract are discussed. Pilot-plant data for extraction
of the dried or green roots with water and with dilute isopropyl
alcohol are presented and compared. Preparation of tanning ex-
tract from canaigre roots by extraction with dilute isopropyl al-
cohol followed by sulfiting gave the largest "tannin yields" yet
‘attained from canaigre.  Cost estimates indicate that a process
of this type will give the best possibility of producing tanning
extract from canaigre roots at a cost competitive with foreign
materials.” These production costs are considerably lower than
could be abtained with water extraction by any process studied
in the pilot plant, but the potential profit appears inadequate
for a commercial enterprise under present market conditions. The
sulfited solvent extract is expected to be less versatile in use
than water extracts of canaigre would be. )



TANNING EXTRACTS FROM CANAIGRE ROOTS
by

E L. Griffin, Jr.. N. F. Roger , C. S. Redfield,
J. B. Claffey and R. K. Eskew

INTRODUCTION

This research on the use of canaigre as a tanning extract was
carried out as a part of a project to find and develop domestic
vegetable tannin sources which can compete economically with for-
eign materials or which could be used in an emergency when foreign
materials are unavailable.

" With the passing of the last two large commercial producers of
chestnut extract during 1955, the United States heavy leather in-
dustry has become almost entirely dependent on foreign sources for
vegetable tanning materials (1)*. Today. our annual volume of im-
ports is equivalent to about 125 000 tons of 1G0% tannin. This
situation was forecast when the chestnut blight annihilated our
most important domestic source of tannin during the first 25 to
30 years of this century (3).

Concern over our disappearing domestic supplies became magni-
fied during the two World Wars when leather production experienced
tremendous increases and when shipping was a major problem. The
Department of Agriculture took active interest in the development
of domestic vegetable tannins in 1940 when Frey and Sievers (12)
described a general program for the investigation of domestic
tannin-bearing plantsL' The lines of work have followed two courses,
the utilization of waste barks from the lumbering industry and the
study of the possibility of cultivating crop-type tannin-bearing
plants. Rogers and Russell reviewed this program in their prelimi-
nary report on canaigre (22j. Work on Florida scrub oaks (6),
Tennessee Valley oak slabs and cord wood ({25). and eastern and west-
ern hemlock barks (19,20.24) has been reported. Of these the hem-
lock barks seem to have the greatest chance for successful use be-
cause of their availability and higher tannin content. Unfortunately,
these raw materials are not generally centered near existing extrac-
tion. facilities, and_transpoftqtioh costs today prohibit long hauls
of these low-valued raw materials.

Studies on the use of pative sumac have been published (7.8,14,23).
This work shows the possibilities of replacing foreign sumac with an

* NUMBERS !N PARENTHESES REFER TO L{TERATURE CITED AT END OF PUBLICATION.



acceptable domestic extract, but again it is doubtful that this
product could be economically competitive in today's markets.

Much of the work carried out at this Laboratory has been on
the development of canaigre roots as an annual crop-type source
of tannin. Rogers and Russell reviewed the history of canaigre
use in their preliminary report (22).

The Crops Research Division of the Agricultural Research Ser-
vice, United States Department of Agriculture, worked on the agro-
nomic problems of growing and methods of storing the roots for
year-round operations. A systematic study of the extraction of
tannin from canaigre roots has been made. Cordon et al. (10) re-
ported the difficulty of extracting tannin from canaigre due to
the high starch content and the necessity of extracting at a rel-
atively low temperature to prevent starch gelatinization.  Luvisi
et al. (15,16) showed an increase in tannin yield and purity by
extracting with mixtures of organic solvents and water at temper -
atures well below the starch gelatinization temperature. Reports
on pilot-plant investigations of both continuous countercurrent
(17) and countercurrent stationary vat leaching (18) systems
showed the desirability, yieldwise, of a solvent-water extraction
system.

Actual wearing test on a small-scale tannage (4) showed the
wear of shoe soles tanned with a blend containing 25% chestnut,
25% sulfited quebracho, and 50% canaigre tannin recovered by water
extraction was equal to the wear of comparable soles tanned with
a blend of 50% chestnut and 50% sul fited quebracho.

CANAIGRE ROOT CHARACTERISTICS

Canaigre (Rumex hymenosepalus Torr.) is native to Southwestern
Uni ted States,‘growing wild in well-drained, sandy soils. Its
growth habits have been described (22,26). A typical plant is
shown on the cover of this publication. The tuberous roots,which
contain the tannin along with considerable amounts of sugar and
starch (21), show tremendous variations in composition and extrac-
tion characteristics among strains. They may be divided roughly
into two groups; a "yellow" group whose root flesh is yellow to
ordange-brown and a "red" group whose whitish to light-pink roots
turn reddish when exposed to the air.  In the wild state the red
roots occur predominantly west, and the yellow roots east, of the
Continental Divide in New Mexico and west Texas. The red roots



average much higher in tannin and purity than the yellow roots and
have far better extraction characteristics. The yellow roots can

be propagated from seeds. but the best varieties of red roots so

far studied must be propagated by planting root crowns in order to
maintain their desirable characteristics.: While crown planting is
the more expensive method, it has the advantages of giving consider-
ably larger and more dependable root yields per acre. Since it is
currently considered entirely impractical to process yellow root
strains, for the most part only red cultivated roots are considered
in this work.

HARVESTING AND STORAGE

For highest tannin content and purity the roots should be har-
vested during the hot summer months after the tops have died and the
plants are dormant. For much of the work reported the roots were
shredded and air-dried in the sun on concrete strips -at harvest.

The most practical commercial method appears to be a mechanical dry-
ing in a rotary alfalfa-type drier using a lower air temperature
than is required for alfalfa (13). The green roots, which are qui te
durable, can be held for a month or more at room temperature with-
out perceptible loss of tannin, and for much longer periods under
refrigeration at 50° F. At a lower refrigeration temperature the
purity of the green roots was observed to drop somewhat in a few
months, probably owing to. the change of some insoluble starch into
soluble sugars: but no tannin loss was observed. Simple pit storage
by burying the roots in bulk under a layer of earth has been quite
satisfactory in some tests, and this may be a good, cheap storage
method. During pit storage there was some loss of solids as a re-
sult of metabolism of carbohydrates, but no net tannin loss was
observed. Thus pit storage increased the purity and tannin content
of the roots. The Crops Research Division is continuing storage
tests at Mesa, Ariz.

PROBLEMS IN EXTRACTION OF CANAIGRE TANNIN

Extraction of canaigre presents somewhat different problems
than are normal with most commercial tannin raw materials because
of its high starch content. At the usual extraction temperatures
with water, neaf boiling, the starch gels, forming a sticky imper-
vious mass through which the extractant cannot flow, and the liber-
ated tannin and starch tend to combine to form an insoluble complex
which precipitates out and is lost. These actions are greatly re-
duced at temperatures below about 120° F. Also, the canaigre tan-
nins are of the catechol type, which tend to deposit sludge unless
sul fited. Dilute organic solvents, such as acetone or isopropyl
alcohol, are generally able to redissolve the "tannin" from the
various sludges.



ANALYSIS OF CANAIGRE TANNIN

Since hot-water extraction was found impractical, wdrm-water
extraction for a longer period was used for several years as an
analytical procedure, although it gave somewhat erratic results.
Later, Luvisi and Rogers (16) developed a more reproducible an-
alytical extraction procedure wherein the tannins are extracted
from the roots with 50% agqueous acetone, the-acetone is distilled
off from the extract, and the remainder is analyzed by the offi-
cial A.L.C.A. (American Leather Chemists Association) tannin anal -
ysis method (2). Reports of the tannin content of canaigre were
20% to 28% higher when analyzed by acetone extraction than when
analyzed by the exhaustive warm-water extraction procedure. Thus
the maximum extractable tannin by water is only 78% to 83% of
that reported by the acetone assay. Moreover, about 15% of this
water-extractable tannin, which remains in dilute solution dur-
ing the official A.L.C.A. analytical method and is absorbed by
the hide powder, will not remain in solution and penetrate a hide
at the higher concentrations generally used for tanning leather.
This leaves the actual usable tannin by water extraction at only
66% to 71% of that reported by the acetone assay.

The solvent method of analysis, however, does not give a true
picture of the usable tannin in the canaigre roots either, because
all of the "tannin" so extracted will not remain in solution and
penetrate a hide at the high concentrations normally used in tan-
ning leather. There is a tendency for canaigre tannin to deposit
sludge freely (5): hence, even if the extraction procedure used
vields the higher percentage of tannin shown to be present by
acetone assay, this material will not be suitable for use directly
in tanning. It can, however, be sul fited, much as quebracho ex-
tract is, to solubilize the insolubles oand prevent precipitation
during tannage. Sulfiting, of course, limits the use of the ex-
tract in blends of other than sulfited tanning materials.

The highly diluted solutions specified in the official method
of determining insoluble solids were not realistic for canaigre
extracts.” These extracts contain much material that would remain
in such dilute solutions but would precipitate from the more
highly concentrated solutions used for tanning unless the extracts
.were sulfited. Hence the insoluble solids values reported in this
paper were determined at concentrations of about 40 gm. per liter
(10 times the concentration specified in the A.L.C.A. method),
which is more nearly representative of actual tanning concentrations



The purityt of the extract recovered from canaigre roots depends
upon the methods of extraction and processing as well as the roots
from which the extract is produced. The water-extract purity can
be raised by fermentation of the extracts to remove sugars (9,11).

EXPERIMENTAL RESULTS

A number of experimental procedures have been studied in the
pilot-plant at this Laboratory in a search for the most economical
and practical method for recovering the tanning extract from ca-
naigre roots on a commercial scale. The results reported here are
probably conservative because better strains of roots may be es-
tablished soon. The Crops Research Division has already produced
small plantings of canaigre roots containing well over 40% tannin
(acetone extraction).

Con tinuous Countercurrent Extraction with Water.” More than
10 tons of dry extract was produced for test purposes by a semi-
works process based upon the continuous countercurrent water-
extraction process reported earlier (17) but modified to use cul-
tivated roots and to reduce the residual insolubles in the extract.
Willcox roots, mixed red and yellow strains, which had been prop-
agated from seed, shredded, and air-dried by the Crops Research
Division, were extracted in the semiworks plant. Typical equili-
brium data for 3 semiworks runs on the earlier crops of Willcox
roots, which were mostly red, are given in Table I. (Results on
later crops were much poorer because the yellow root fraction in-
creased with reseeding.) In the semiworks process stones were
removed from the shredded dried roots by air flotation, then the
roots were rehydrated to about 25% moisture to reduce fines, and
cut to pass through 1/8-inch holes on a Fitzpatrick Model D com-
minuting machine ** with sharp knives. They were then extracted
with water at 115° F. in a stainless steel Kennedy-type continuous
countercurrent extractor, shown in Figure 1.

TANNIN
* THROUGHOUT THIS PAPER, PURITY IS DEFINED AS X 100
SOLUBLE SOLiDS

** THE MENTION OF COMMERCIAL PRODUCTS AND COMPANIES ANYWHERE IN TH!S PAPER
DOES NOT IMPLY THAT THEY ARE ENDORSED OR RECOMMENDED BY THE DEPARTMENT

oF AGRICULTURE OVER OTHERS OF A SIMILAR NATURE NOT MENTIONED



Table I

Typical Pilot-Plant Data on Warm-Water
Extraction of Canaigre Roots' by Using a
Kennedy-Type Continuous Countercurrent Extractor

[Roots rehydrated to about 25% moisture, cut through 1/8 inch
Contact time: 88 minutes; extraction temperature: 115° F.]:

Run Run Bun
Item 27 29 30 Average
Feed rate, 1b./hr., M. F.B. 65.2 63.5 58.2 ----
Solvent ratio (water in extract/
solids feed) 11.4 11.2 12.8 11.8
Head liquor
Tannin, % 1.56 1.53 1.42 -
Purity,% 55.4 55.2 55.6 ----
Tannin yield, % fed(acetone)2 66.0 63.0 67.7 65.0
Tannin yield, % fed(water)3 79.4 76.9 8l.9 79.4
50% concentrate?
Purity.% 63.87 62.39 65.36 R
Insoluble solxds, %5 1.24 0.71 0.34 -
Tannin yield, % fed(acetone)?2 49.4 47.7 56.2 51.1
Tannin yield, % fed(water,
settled)® 70.2 65.8 79.8 71.9
Dried extract
Purity.% 64.29 62.86. 65.67 -
Insoluble solids, %% 0.45 - 0.69 -
Tannin yield, % fed(acetone)? 47.1 44.6.  56.7 49.5
Tannin yield, % fed(water ,
settled)® 67.0 62.4 80.5 70.0

1. AIR-DRIED, SHREDDED WILLCOX ROOTS GROWN 2 YEARS FROM SEED.

2 BASED ON ANALYSIS OF ROOTS BY ACETONE EXTRACTION (16) WHICH AVERAGED 28.6% TANNIN,
M.F.B., AND 66.3% PURITY.

3 BASED ON ANALYSiS OF ROOTS BY WARM WATER EXTRACTION, WHICH AVERAGED 23.6% TANNIN,
M.F.B., AND 60.1% PURITY.

4 AFTER FERMENTING, PARTIAL CONCENTRATION, SETTLING AND CONCENTRATION. "
MEASURED AT 10 TIMES THE CONCENTRATION USED IN THE OFFICIAL A.L.C.A. METHOD.

BASED ON THE WAT%R-EXTRACTABLE TANNIN WHICH WILL REMAIN IN THE SOLUTION AFTER
SETTLING AT 30 BARKOMETER.‘AVERAGING 20.2% TANNIN, M.F.B., AND 57.2% PURITY.



Figure 1

Kennedy-type semiworks countercurrent extractor
for warm-water extraction of canaigre
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Operation of Kennedy-extractor. (Drawing represents

speci fically the pilot plant unit shown in Fig. 4, but principle
of operation is same for the semiworks unit shown in Fig. 1.)



This extractor consists of a series of 18 semicylindrical cells
(16 extraction and 2 filter cells, each 24 by 16 inches long ) sep-
arated by perforated weirs and arranged so that the extractant flows
by gravity through each in series. Each cell is equipped with a
paddle wheel having 4 slotted blades which rotate in the semicylin-
drical trough conveying the solids over the weirs into the next cell
countercurrent to the flow of extractant as shown in the operating
diagram of a smaller pilot-plant unit, Figure 2. Under the conditions
used for most tests, both Kennedy- type units were calculated to be
equivalent to about 4 transfer units (number of ideal equilibrium
stages in countercurrent series from each of which the liquid leav-
ing the stage is the same composition as the liquid adhering to the
solids leaving the stage).

The extracts were clarified in a continuous solid-bowl centri -
fuge. pasteurized continuously at about 180° F., fermented aerobic-
ally with a special strain of Aerobactor aerogenes to remove sugars
and thereby improve purity, clarified in a Sharples supercentri fuge
to remove bacterial debris, concentrated to 30° Barkometer solids,
allowed to stand overnight at about 65° F. to precipitate "insolubles"
which were soluble at the extraction temperature, recentrifuged
through the Sharples supercentrifuge, vacuum evaporated to 50% solids,
and finally spray dried.

This process recovered about 50% of the tannin assay by acetone
extraction or 70% of the tannin which can be extracted with water
and will remain in solution at 7%-8% solids concentration (30°
Barkometer). This yield cannot be greatly increased by better ex-
traction since 15% to 20% of the available tannin is lost during
fermentation and sludge entrainment, exclusive of mechanical losses.
The dried tanning extract produced in these runs had an average
purity of 62°.7% based on soluble solids.

Countercurrent Batch-Screening Process. Extraction was also
studied by a countercurrent batch-screening method which permitted
longer contact times and a gredter number of theoretical contacts
than were possible in the semiworks extractor.: The extraction unit,
Figure 3, consisted of 5 or fewer 55-gallon, open-top, stainless-
steel drums equipped with hot-water heating coils, agitators,
transfer pumps, and 2 vibrating screens which could be used as de-
sired to separate the liquid and solids from any cell. Experi-
mental data obtained in this pilot-plant are listed in Table II.

The roots used were of the Salt River strain, a red variety
which has been successfully reproduced from crowns by the Field
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Crops Research Division at Mesa, Ariz.. These roots have averagea
slightly over 35% tannin (acetone assay) and 62% purity [(based on
soluble solids).

In these runs the air-dried shreds were extracted counter-
currently with water at 118° F. in the batch-screening unit using
10.7 to 16.7 pounds of solids per cell, 5 to 11 countercurrent con-
tacts and a cycle of 30 to 120 minutes per cell. - The roots were
first presoaked 1 hour with extract from the head cell and then cut
to pass through 1/18" holes on the Fitzpatrick comminuting machine
with sharp knives. . This slurry was then screened over «a 15C-mesh
vibrating screen,  the solids being fed into the next cell and the
liquor removed for procstingaf'As each cell was screened in rota-
tion the solids were removed to the next weaker cell, where they
were mixed with the liquor screened from that cell, whereas
the liquor was progressively contacted with the next stronger
solids batch. In this manner'fhe number of contacts was equal to
one less than twice the number of cells used.

The extract from this unit was centrifugead, pasteurized, and
fermented as in the semiworks process. After settling overnight
at about 65° F.jto'p:ecipitate;insolubles, it was clarified in a
Sharples supercentrifuge, vacuuin -evaporated to about 50% solids,
and spray dried.  No concentration was required before settling
because the desired concentration was obtained directly from the
extractor by using a lower solvent ratio; than that used in the
semiworks.  Yield values are calculated at the 50% concentrate
stage, which should give only slightly higher values than after
spray drying since the tannin and purity losses during spray dry-
ing' are very small.: Each extraction condi tion was run to equi-
librium and then 4-12 batches were collected for processing. In
several runs aliquot parts of the extract were processed without.
fermentation or withoutjeither’fermentation or settling as listed
in Table II.

The listed contact time per cell includes 10 to 15 minutes
for screening the material. This reduces the overall amount of
mixing obtained. The screening itself takes an appreciable part
of the time required for the shorter (30-minute) cycles. Tannin
yields .in the head liquors from the extractor were higher for the
shorter extraction cycles. Five or seven contacts with a 30-minute
cycle time gave about the best yield considering both tannin in
head liquor and in dried extract. It is noted that tannin in head
liquor varied somewhat more than overall yield of tannin, which
suggests that the tannin lost by excessive holding times would be
largely lost during settling and fermentation in any case.: The
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approximately 50% overall yield of tannin obtained in the extract
(based on acetone assay) is almost exactly the same as that ob-
tained in the semiworks. No great increase could be anticipated
in either case by longéer or more numerous contacts.

Dilute Isopropyl Alcohol Extraction.: As will be discussed
below, both the continuous and batch experiments in the pilot-
plant indicated that warm-water extraction of canaigre tannin
could not be done commercially at a profit under prevailing con-
ditions. Following thesé experiments, some studies were made on
solvent extraction of both green and dried Salt River canaigre
roots.” The apparatus used was a small ldaboratory Kennedy-type
extractor shown in Figure 4.  Its operation, the same in principle
as that of the semiworks extractor used in the larger-scale warm-
water extractions, has already been described (see Fig. 2). The
small extractor has 14 extraction cells and 1 filter cell, each
6 inches wide by 8 inches long with perforated transfer paddles.
Studies on the same unit were reported by Rieder et al.- (17):
Like the semiworks extractor. it gave extraction equivalent to
about 4 transfer units under the conditions used.  The paddles
are perforated instead of slotted. Desirable operating condi-
tions as determined by previous work on dfy roots were used in
these tests. Extraction data are shown in Table III. The dilute
isopropyl alcohol readily extracted substantially all of the
temnin indicated by the acetone assay from either dried or green
roots at a purity close to that of the roots which were used.
Previous tests on dried roots have shown no advantage in using
concentrations over about 30% isopropancl (by volume). but the
yield and purity are somewhat reduced if less than 20% is used.
The exact concentration is not very critical. Higher solvent
strengths are required with green roots in order to obtain the
desired extract composition after dilution by the moisture in the
roots:; ‘the exact composition depends also upon the solvent ratio
used.

This solvent-extracted tannin, however will not tan leather
satisfactorily., because it penetrates the hide too slowly and
tends to precipitate a high proportion of sludge. Removal of
material precipitated at a concentration of 30° Barkometer when
held at 65° F.-overnight as described for the water-extraction
processes, reduced the average yield of tannin in the 50% concen-
trate from approximately 97% to 81.2% of that in the roots fed
(acetone assay) but did not improve the tanning qualities suffi-
ciently to permit practical: use in conven tional tannages al-
though the nominal insoluble solids were reasonably low.

Extraction of green roots with somewhat higher alcohol con-
centrations to compensate for the root moisture gave substantially
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complete tannin recovery after concentration to 50% solids. but

the insolubles remained high even when low solvent ratios were
used. The green roots used in these tests were from a single lot
which had an average purity of 61.5% when received but which showed
a gradual drop in purity during cold storage to about 55% after

2 months.-

Sul fiting Extracts. Since solvent extracts of canaigre are not
suitable for direct use in tanning hides, sulfiting was considered
as a means of modifying the extract to improve hide penetration and
reduce sludge formation. In Tables IV and V are shown the results
of a series of sulfiting tests on 50% concentrates of tannin ex-
tracted from dried or green Salt River canaigre roots by dilute
isopropanol, evaporated to remove the isopropanol, then dried.either
directly (Table IV), or after settling to reduce the insoluble
solids content (Table V). The concentrates were sul fited by heat-
ing with sodium bisulfite for various periods of time at temperatures
just below boiling.  The sul fiting was done with continuous agi tation
in a jacketed 10-gallon stainless-steel tank or in a 5-liter glass
flask on a steam bath.

The" tannin" content by the A.L.C.A. method increased with sul-
fiting in each case more than could be accounted for by the simple
addition of sulfite. The increase varied widely. but averaged about
13% for typical 8-hour runs.. This tannin increase on sulfiting also
occurs with quebracho (27).  The purities incréased with time of sul-
fiting, and were all higher than those of the corresponding original
concentrates except in one series under run 97 (Table IV) where ex-
cessive sodium bisulfite was used.: The insoluble solids were all
reduced to a permissible 2% or less when the equivalent of at least
3.5% SO, was used for 8 hours or longer. In the case of the air-
dried roots the insoluble solids remained a little high. but were
reduced when the concentrates were settled and dried (Table V.run 96)
Thus with dried roots the extracts would have to be settled either
before or after sulfiting. The green roots, on the other hand, offer
an advantage in that their insoluble solids are low even without
settling.” Hence, in their use the expense of both root drying and
low-temperature settling and clarifying (which always result in
about 15% loss) is eliminated. Furthermore, the green roots give
the highest tannin yield (well over 100%) when solvent extraction is
used. Where insufficient SOy was used (run 103 and part of run 87)
the insolubles were high. and increased further with lengthened
treatment periods.

A small-scale laboratory tanning test using the sul fited extract
from Blend 1 (settled extract from dried roots) alone showed rapid
penetration of the hide mmd little sludge formation. The leather
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Table V

Effects of Settling' on Solvent-Extracted and
Sul fi ted Canaigre Tannin 50% Concentrates

Green roots,

Air-Dried Green pit-stored
, roots roots - 6 months
Item (Run 96) (Run -98) (Run 97)
Concentration of solvent
(equiv. S0,%), % of solids 3.8 3.6 4.9
Time of sulfiting, hr. 22 8 13.5
Purity. %
Before sulfiting 61.9 62.5 63.8
After sulfiting 67.4 63.2 66.1
After drying - 63.8 -
After settling and
concentrating 66.2 62.4 65.6
After settling and
drying 65.1 - 65.0

Insoluble solids, %

Before sulfiting 7.9 8.4 7.9
After sulfiting 3.9 0.9 0.8
After drying - 0.6 -
After settling and

concentrating 0 0.6 1.5
After settling and drying 1.62 - 0.4

Tannin increase., %

After sulfiting 22.7 8.6 21.7
After settling and ‘

concentrating 6.2 5.1.4 6.0

1 SETTLED AT 30° BARKOMETER AND 65Y F  OVERNIGHT,
2 ADDED AS NAH503‘
3 MINUS SIGN (-) INDICATES LOSS.



yield, however, was low, as would be expected for a sulfited ex-
tract used alone.” On the other hand, sul fited unsettled extracts
gave appreciable sludge formation and slower penetration. The
best conditions for sulfiting these extracts, or for using the
the sulfited extracts to tan hides, have not been determined, but
some modification of the "tannins" in canaigre roots is essential
if they are to be recovered cheaply enough and in sufficient
quantity and quality for commercial use. For the solvent extrac-
tion of canaigre tannin. our work suggests the use of an 8-hour
treatment at 210° F. with sodium bisul fite added equal to 3.5% SOZ
Turley and Cronin (27) consider this a low level for bisulfiting
quebracho. -

DISCUSSION

The results of these semiworks runs and laboratory pilot-plant
trials indicate that a solvent-extraction procedure is preferable
to ‘@ water-extraction procedure for obtaining tannin from canaigre
roots. They further indicate that water extraction is not commer-
cially feasible, even with a number of modi fications to the pro-
cedure used in these runs to improve its efficiency and reduce its
cost.

Preparation of Roots for Extraction.- Regardless of the method
of extraction used, drying of the roots is prohibitive from a cost
standpoint. These studies have shown that green roots, even by
water extraction, give « somewhat higher yield than air-dried roots
(seel run 174, Table III). Where the green roots cannot be extracted
immediately, some inexpensive method of bulk storage appears feasible

The cutter used for most of the roots processed in this study
is not believed satisfactory for a production unit because the roots
do not pass through its openings readily. - In one set of tests a
grater-type rasp like that used to prepare potatoes for the manu-
facture of potato starch was much more effidient.  This grater was a
5/8-inch-diameter pilot-plant model which gave an excellent cut at
a high relative capacity without clogging.

Modi fications to Water-Extraction Process. There are two steps
in the semiworks process which could be profitably eliminated.: One
of these is evaporation before precipitation of insolubles, a step
which would be unnecessary if sufficient theoretical stages were
used in the extractor to permit recovery of the extract in a more
highly concentrated state. The other step is fermentation to remove
the sugars. This appears to be impractical since its results are
quite variable and since it raises the purity only slightly (from
about 53 to 60%) and causes a substantial loss in tannin. Only a




slight tannin loss was evident from analysis of the liquors imme-

diately before and after fermentation, but in the subsequent clari-
fication step the fermented extracts lost much more tannin by sedi-
mentation, giving a net reduction in yield from 62% to 50% of the

tannin in the roots based on acetone analysis. Hence fermentation,
along with the pasteurization and centrifugation that were done in
the semiworks runs both before and after this step. could be elimi-

nated from the process if a product of 53% purity were accep table.

 Even with these changes, however, which would be expected to
increase the tannin yield by almost one-quarter and appreciably
reduce raw-materials cost, water extraction of canaigre tannin
would not be economical.

COST ESTIMATE ON SIMPLIFIED WATER- EXTRACTION PROCESS

Cost estimates have been computed based on a con tinuous counter-
current mixing and screening process of water extraction with 6 cells
and 6 screens, all operating continuously. In this process, slurry
would be pumped continuously from each cell to a screen, the filtrate
passing to the next stronger cell and the slurry passing to the next
weaker cell or discarded. Here only one contact would be obtained
per éelI‘and the effective number of transfer units would be slightly
reduced for the same number of cells. but operations would be much
simpler than in the batch screening process used in the pilot-plant.’
Breaks in the cycle‘between cells would be eliminated so that
effective mixing time in the cells would be greater for the same
cycle time than in the batch unit.  For operating economy a suffi-
ciently low solvent ratio would be used so that the extract would be
about 30° Barkometer and could be cooled to 65° F. and settled with-
out an intermediate concentrating step. The clarified extract would
then be concentrated to about 50% solids and spray dried without
fermentation. This simplified process is estimated to recover about
62% of the tannin in the roots (acetone assayf in the form of a dried
extract of about 52% purity containing about 1% insoluble solids and
3% water.

Detailéd cost estimate& comparable to the one for solvent ex-
traction cited hereafter show that a plant to produce 8,030 tons per
year of this product (4.000 tons per year of pure "tannin") would
cost about $1.050,000 and the "cost to make" would be about 11.4 cents
per pound of product (19.3 cents per pound of pure "tannin") not in-
cluding profits or management costs for growing the roots, sales
costs, profits, or income taxes on the extract.” A 5% interest on
fixed capital is included in the "cost to make". This "cost to make"
is far too high to compete with foreign tannin sources at present
even if this low purity product were found acceptable.



Some increase in yield could be gained by sulfiting the extract,
but it would not be great enough to justify limiting the use of
tannin to a sulfited extract. Use of the Kennedy-type extractor
would increase the cost by about one-third and give only minor
savings in utility and labor costs.

This highly simplified water-extraction process is still un-
economical. It is unlikely that any water-extraction process pro-
ducing acceptable canaigre tannin can be economical unless new root
strains of much superior quality are developed or the commercial
value of tanning extracts rises considerably.

QST ESTIMATE ON SOLVENT-EXTRACTION PROCESS

Of the various possible canaigre tannin recovery methods which
have been studied here, a process consisting of dilute isopropyl
alcohol extraction of green roots followed by sulfiting of the
tannin in water solution appears to have the greatest chance of
 being commercially feasible.: This process gives the highest yield
and is the simplest of the various processes considered which give
products of reasonably high purity and low insolubles. Figure §
gives a flow diagram of this process for a plant calculated to
produce dried extract of 62% purity containing 1%-2% insoluble
solids and about 3% moisture. The tannin yield, 38 pounds of
sulfited tannin per 100 pounds of root solids, is about 8.5% more
tannin than can be shown to be in the roots by acetone assay, but
this results from the action of the bisul fite.

Root Storage and Preparation.: During the months June through
September the roots can be harvested and used directly. The roots
themselves are quite durable, and if not excessively "cooked" by
sun exposure no special storage conditions would be required for
at least another month.: Roots for the remaining 7 months of oper-
ation would require special storage.. Some method of bulk storage
is believed most practical for this purpose, although no actual
recommendation can be made now. For the cost estimate which
follows later., storage is assumed to be in piles. 20 feet long by
6 feet deep covered over with about 2 feet of earth.

The roots to be extracted must be washed to remove extraneous
material which may damage the cutter. They would then be finely
cut or shredded in a grater-type rasp.

Extraction. In this process extraction would be carried out
in a continuous countercurrent extractor such as the Kennedy
apparatus used for the pilot-plant studies.: Mixing and screening
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equipment such as suggested for water extraction would not be
advan tageous: such a unit would have to be vaportight for safety
and for conservation of solvent, and should be much smaller than
that used for water extraction owing to the higher yields and
extractive capacities obtainable with solvent. If the extractor
has 5 transfer units, operates at 110° F., and uses as solvent
5.8 parts of 35% isopropyl alcohol (by volume) per part of solids
in the green roots fed, then it is calculated that 98% of the
tannin in the roots (by acetone analysis) would be extracted in
the head liquor.  These are about the most economical conditions
under which canaigre roots can be extracted considering evapor-
ation costs, yield, extractor cost, etc.

Variation of the solvent concentration or temperature would
affect the yield to some extent, but these factors are not
extremely critical.” Lower yields and purities result at lower
temperatures ond solvent concentrations.

The alcohol-saturated spent roots would be pressed and steam-
stripped primarily ‘to recover the solvent for reuse.

Solids collected from the head liquor in the'centrifugal
clarifier are.primarily entrained material which can be expected
to go out with the spents and not to build up excessively in the
extractor, ’

Concentration and Sulfiting. A solvent stripping column for
isopropanol recovery may not be required, if a short rectifying
column is added to the vapor line from the spents stripper before
condensing. Such a column would be very economical to operate,
because the alcohol is already in the vapor state.- In- any case
water equivalent to that in the green roots must be discarded
during concentration and drying.

As previously noted the results obtained by sulfiting vary
with the sulfiting time and amount of sulfite used.  The process
shown here is based on sulfiting a 50% solution for 8 hours at
about 210° F. with 6% sodium bisulfite based on extract solids.
This should increase the "tannin" by about 12% and greatly reduce
sedimentation during tannage.

The sulfited extract can then be spray-dried directly. This
vas accomplished routinely in the pilot-plant. Such an extract,
lowever, is expected to be less versatile in use than « water
:xtract would be.



Costs. A cost estimate was made for this dilute-solvent
extraction process based on «a plant to produce 6,780 tons of dried
sul fited extract (containing 4.000 tons of pure tannin) per year
as shown in the flow diagram, Figure 5. Circled numbers represent
item numbers in the equipment summary.

This estimate assumes that the root storage facilities and
processing plant are to be a new and independent enterprise located
in the Mesa, Ariz. area. The canaigre roots would be grown nearby
under contract and delivered at the plant during the 4 months from
June to September. The Field Crops Research Division, -which has
been studying propagation of these roots, at Mesa, estimates* that
growing and hauling these roots to the plant during the June to
September harvest season would cost about $10.27 per ton of green
roots at 70% moisture.” This cost does not include profits or man-
agement costs for the grower or the cost (paid by the extractor)
of storing sufficient roots for use during the October to May period.
Extraction plant operation is assumed for 350 days per year, 24 hours
per day but roots would be removed from storage only 8 hours a day.

An equipment summary is given in Table VI.  The capital costs
are summarized in Table VII, and production costs are listed in
Table VIII. The total fixed capital is estimated at $921,850. The
cost to make of 14.2 cents per tan unit (extract containing 1l pound
pure tannin) does not include the root grower's management costs or
profits, or any extract selling costs or profits, but it does in-
clude a 5% interest charge on fixed capital. Allowing a selling
expense equal to 10% of sales and an additional 12% of fixed capital
for profits. the price would be 19.2 cents a tan unit, which is «a
little above the current prices for foreign extract even without
allowance for the canaigre grower's profits or management costs.
This process might become competitive if roots containing more tannin
could be produced at «a materially lower cost per tan unit, if the
capital costs could be reduced by use of some pre-existing equipment
or facilities, or if tannin prices should rise.

- CONCLUSIONS

The canaigre plant does not appear to be practical for commercial
development‘at current market prices for tanning extracts, although
sul fi ted solvent extract .would not be far out of line costwise.
Canaigre remains. however, a potential domestic source of vegetable
tanning extract which could be grown as an annual crop in an emer-
gency where cost would not be the major factor. Fundamen tal infor-
nation on the composition of canaigre roots. which makes them act
di fferently from other tannin sources during extraction and tanning
which influences sul fiting of the extracts. is still incomplete.:

* PRIVATE COMMUNICATION
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Table VII.

Capital Costs for Production of Canaigre Tannin

by Solvent Extraction Process

Land and site preparation
Roads and parking areas
Railroad siding
Buildings

Boilers

Equipment - manufacturing

Erection of equipment - manufacturing

Instrumen tation

Piping and ductwork

Erection of piping and ductwork

Lighting, installed
Power. installed
Transportation facilities
Insulation

Freight on equipment
Office furnituré and fixtures
Trenches for pit storage
Spray pond

Contingencies

Engineering fees
Contractor's fee

Fire protection and safety

Total fixed capital

Working capital

Total capital

$ 12,500
18,100
18,000
71.300
29.800

244,400
72.850
6,100
48,900
34,200
3.100
24,200
28,000
5,700
4,900
3,700
20.700
3.250
92,200
138,300
36,900
4,800

921,900
267,000

$1.188.900



Table VIII

Cost Sheet for Production of Canaigre Tannin
by Solvent Extraction Process

Cost per Cost per
Cost per lb. of dried 1b. of
Item day extract tannin
Dollars Cents Cents
1. Material
Canaigre roots, 94 tons at $10.95/ton
(68% Hy0) (equal to $10.27/ton at 70% Hy0) 1,029.30 2.66 4.50
Isopropanol, 121.4 gals. at 394/gal. 47.35
NaHSO;, 2160 lbs. at 4.5¢/1b. _97.20
Total material cost 1,173.85 3.03 5.13
2. Labor 435.60 1.12 1.91
3. Total prime cost 1,609.45 4.15 7.04
4. Indirect materials, 388 bags at 28¢ each 108.64 0.28 0.47
5. Indirect labor:
Supervision 117.71
Watchman 17.83
Mechanics 102.30
Office help 43.09
Chemist 20.00
6. Indirect expense:
Insurance, public liability and fire 26.34
Taxes 52.68
Interest on fixed capi tal 131.69
Depreciation 263.38
Social Security 8.71
Workmen's Compensqation 7.84
Unemployment Insurance 41°.97
Vacation time 25.24
Power 36.07
Steam 116.75
Water 33.41
Gas 28.08
Main tenance, repairs and renewals 152.94
Gasoline, automotive repairs 15.62
Factory supplies 22.94
Laboratory, analytical 25.00
Waste disposal 34.73
Miscellaneous factory expense 25.00
7. Total factory overhead 1,349.02 3.48 5.90
8. Factory cost 3,067.11 7.91 13.41
9. Interest on working capital 38.14
10 Research and development expense 38.88
11. Administration and general expense 109.38
12>. Cost to make 3,253.51 8.39 14.22
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